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(57) ABSTRACT

An image processing device includes an acquisition section,
first conversion section, determination section, filtering sec-
tion, and second conversion section. The acquisition section
acquires first image data defined by a plurality of color com-
ponents. The first conversion section converts, for each pixel
data, the plurality of color components into converted pixel
data defined by a luminance and a color difference. The
determination section determines whether or not each con-
verted pixel data is target pixel data having a black character
attribute. The filtering section performs a filtering process on
a luminance of each target pixel data using a filter coefficient
to obtain processed pixel data defined by the luminance and
the color difference. The filter coefficient enhances a differ-
ence in the luminance between the each target pixel data and
neighboring pixel data. The second conversion section con-
verts each processed pixel data into updated pixel data
defined by the plurality of color components.

17 Claims, 8 Drawing Sheets

10
31 4 -
’ 34 /
DEVICE DRIVE
30 CIRCUIT INAGE
CPU % READING
I SECTION
READING
32 CORRECT | ON
CIRCUIT
ROM w0
IMAGE PROCESSING
8 CIRCUIT
RAM s 2
- » PC
USB INTERFACE 14
| sToraGE
MEDIA




U.S. Patent Jan. 26, 2016 Sheet 1 of 8
31 /
’ 34
DEVICE DRIVE
30 CIRCUIT
CPU 6
READING
39 CORRECTION
- GIRCUIT
ROM 0
IMAGE PROCESSING
33 CIRCUIT
RAM
/37
USB INTERFACE

US 9,247,224 B2

IMAGE
READING
SECTION

/12

PG

/‘14

STORAGE
MEDIA




U.S. Patent

Jan. 26, 2016 Sheet 2 of 8 US 9,247,224 B2
) 40
M
ACQUISITION SECTION
RIG|B} -—42
YTQ CONVERSTON {
SECTION
Y/51 ; v |
cALcmAQPmﬂrRSSE&NfN I
®
9 9
i)l _ v
E e
- \ A 748 Y 00
SECTION | GOLOR DETERI[ EDGE DETERWINA 1 |
“MINATION || =TION SECTION
SECTION |
v
BLACK CHARAGTER |
ATTRIBUTE DETERMINA
~TION SECTION |
____________ _— Aile| rlele} 7%
r i FILTERING SECTION
| YY VYV .
i §\ SELECTOR 55 |
: v, 00 i i 'L |
| [ FILTER COEFFICIENT | [ FILTERING CALCULATION |7 :
i_ STORAGE SECTION SECT ION |

DB Sk

58

| TWERSE Vi OONVERSION |
| L_CALCULATION"SECT N -
i \AA’ I
I

>

SELECTOR

OUTPUT SECTION

|-—-45



U.S. Patent Jan. 26, 2016 Sheet 3 of 8 US 9,247,224 B2

(DARK) (BRIGHT)

QK1, QK2.

; 1K1 K2

i CHROMATIC | | CHROMATIC

P TEOLOR | ACHROMATIC

| RAliGE'vH .| COLOR RANGE'MH | pi0RRy,

; . . . > 1.0
' 100 128 156 255

{ (SHALLOW) (DEEP)
LYK

{ SMALLER!

T

;ETO YK :< GREATER THAN YK _

5 | , » Y
10 50 128 955



US 9,247,224 B2

Sheet 4 of 8

Jan. 26, 2016

U.S. Patent

0 ]0 [0 0O 0 100 o0 o 0 ]J0 0 0 JO
0 |t |2 |F |0 0 |t |2 |t |oO 01T |2 [T |0 <W_.Mm__m_._wm_n_n_
0 |2 |V |¢ |0 0 |2 |¥ |2 |0 0 lc |¥ |2 |0 any M_Sm,wm::.
0 L |2 |T |0 0 |t |2 |t |0 0 |l |2 [F |0
0 0 [0 Jo |0 N oo 1o To o /o To oo 0 mw«o_mmw.%
g 74 5 ¥4 5
- Je- [I- |e- |I- - Je- [I- Je- |I- = Je- JI- Je- |I-
i B 2 B 4 v |E- E- |y YL | ¥ |E- ey (L | ¥ | |_m_x/_\._n_.<m__0n_m_
I— vl |9€ |¥I |I- I— |vl |9t |¥I [I- = |vl |9¢ [¥I | 1= aoy Y
e- v [¥v1 | ¥ [e- e- 1y (v | ¥ |[¢e- e-|v vl | ¥ |e- JINg1411Y
- e - 1= = N [=le= v [e- [ =T o= = ST
g ¢4 0 ¢4 y
00 JO0 O JoO 0JloJo oo = [e= [I= [&= [I-
010 |00 |oO 0loJo oo e | v |¥1 |+ [e-
010 |F |0 |oO 0lo T oo = [vL |9€ |7l |I- BIA mmmm«m«wm
0]0 00 |oO 0 JloJo oo e | v |v1 | v |e= Vg
0 ]0 [0 |0 |0 /\ 0o o o o \ = |e= |- |- |I-
O ¢d I 14 A
V1vVd ¥0 11ns3y
INTI9144300 ¥31114 INANOWOD NOI1-
@3193714S | YNINY13d

v 9l




U.S. Patent Jan. 26, 2016 Sheet 5 of 8 US 9,247,224 B2

FIG. 5

DATA G FILTER COEFFIGIENT

G11|G12|G13|G14|G15 FIT|F12|F13|[F14[F15
G21(G22|G23|G24|G25 F21|F22|F23 | F24|F25
G31[G32|G33|G34|G35 F31|F32|F33|F34|F35
G41]G42(G43 | G44|G45 FA1| FA2|FA3 | F44 | F45
G51| G52|G53 | G54 |G5d F61|{ Fb2|F53 | F54|Fb5

T
M

(Gij  Fij)

—
—
Il

—_

G33 <

Mcn
DM
=

—
I
—
—
Il
—



U.S. Patent

CONVENT |ONAL TECHNOLOGY

Jan. 26, 2016 Sheet 6 of 8

FIG. 6

IMAGE DATA ACQUIRED FROM DOCUMENT

4

BLACK CHARACTER ATTRIBUTE

VAN

US 9,247,224 B2

PRESENT INVENTION

e

A



U.S. Patent Jan. 26, 2016 Sheet 7 of 8 US 9,247,224 B2

FIG. 7

140
ACQUISITION SECTION
RIGIBl . _. 42
Y1Q CONVERSION \ 1
SECT ION ; |
\(/51 'Ri |
CALCW_AGPII\ o\f\r S| cQIN iti ]
(F ()1
oIl _ x| 48
DETERMIN E
—ATION | 52§ 53
SECTION | [COLOR DI:II:R EDGE DETERMINAJ
| —MINATION || -TION SECTION || |
SECT ION .
| v 94 |
BLACK CHARACTER -
| ATTRIBUTE DETERMINA I
_—TION SECTION :
|_ ........... —_— e o o
e R Aufo| rlels|. 7%
~—56 FILTERING SECTION
: FILTER YYY _vvy
i STSREEEI&IE EMON N FILTERING (T)»i\LCULATION _57 i
i T, "I i
| |

SELECTOR //55
R | Il .. J

W =
|
|

I INVERSE Y1Q GONVERSION
: GALCULATION SECT |ON

| YVYY
(]

|

>
™ SELECTOR

OUTPUT SECTION




US 9,247,224 B2

Sheet 8 of 8

Jan. 26, 2016

U.S. Patent

0JoJoJo]o 0JloJoJo]o 0JoJoJo]o
0ol r [z 1 [o 011 |z |1 o 0l {z 1o ﬁmm%w%_m
0lz vz ]o 0lz|v |z o 01z v |z ]o0 aon m_Sm__mEE
01 |z |t o 0ol L]z ]t ]o 0l r ]z |1 o
0o [oJololo] NV [oJolo]o]o /ool o o]0 YLD
g & 3] ¥4 d
— Je= 1= e [1- —Je= [ 1- [e- [ I - Je- 1= &= [ 1= vIVa
e~ | v |vl | v |e- &= | v vl | ¥ | e | v |yl [ v | e dx_n__m 3903
= [ ¥1 |98 [ %I | I- = %1 98 [vi [ 1= = | ¥I |98 |v1 | I-
&= v [vr [ v [e &= v [vL [ v |e e= v [yl | v [e aod | LAl
I I 2 I I e NV W I e o e vl = YOV 10N
g ¢d ) ¢4 d
0 0 0 0 0 0 0 0 0 0 I-le-|1-1]¢e=-11-
0 ! [4 l 0 0 1 [4 ! 0 e~ 1lv I¥L | ¥ |e- LA ALY
0lc|v ]z ]o 01z v [z ]o0 - m
- (vl 198 Lyl 1 oA | BELOVAVHD
0 L [4 L 0 0 l [4 ! 0 € F vl ¥ ¢ V19
0o lo0|o0]o0 /\ 0o |0 ]o]o \ N [ I o
O ¢4 I | A
vivad 40 1nS3y
IN319144300 ¥3L 114 ININOANOD | NOIT=
@3129413S | VNIWNY313d

8 9l




US 9,247,224 B2

1
IMAGE PROCESSING DEVICE
PERFORMING FILTERING PROCESS ON
IMAGE DATA COMPONENTS USING FILTER
COEFFICIENT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2013-110678 filed May 27, 2013. The entire
content of the priority application is incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to an image processing
device.

BACKGROUND

Conventionally, there is known a device that applies filter-
ing processing, such as edge enhancement or smoothing, to
image data (for example, Jpn. Pat. Appln. Laid-Open Publi-
cation No. 11-220618). In this conventional technology, the
filtering processing is applied to all input color image signals,
and it is determined whether or not the input signal is a black
character signal. When the input signal is the black character
signal, a filtering signal is used to output an image with a solid
black color to prevent color blurring.

SUMMARY

However, in the conventional technology, even though it is
determined whether or not the input signal is a black character
signal, the filtering processing is applied to all image data
including input signal without exception to disadvanta-
geously generate image data that causes the color blurring,
which is considered wasteful and harmful. There is desired a
technology capable of reducing the color blurring while
eliminating wasteful processing.

In view of the foregoing, it is an object of the invention to
provide an image processing device for preventing color blur-
ring that applies filtering processing to image data.

In order to attain the above and other objects, the invention
provides an image processing device may include an acqui-
sition section, a first conversion section, a determination sec-
tion, a filtering section, and a second conversion section. The
acquisition section may be configured to acquire first image
data including a plurality of sets of pixel data. Each pixel data
set may be defined by a plurality of color components. The
first conversion section may be configured to convert, for each
pixel data set, the plurality of color components into a set of
converted pixel data. Each converted pixel data set may be
defined by a luminance component and a color difference
component. The determination section may be configured to
determine whether or not each converted pixel data set has a
black character attribute, converted pixel data that is deter-
mined to have the black character attribute being a set of
target pixel data. The filtering section may be configured to
perform a filtering process on a luminance component of each
target pixel data set using a filter coefficient to obtain a set of
processed pixel data. The processed pixel data set may be
defined by the luminance component and the color difference
component. The filter coefficient may enhance a difference in
the luminance components between the each target pixel data
set and a set of neighboring pixel data corresponding to the
each target pixel data set. The second conversion section may

10

15

20

25

30

35

40

45

50

55

60

65

2

be configured to convert each processed pixel data set into a
set of updated pixel data. The updated pixel data set may be
defined by the plurality of color components.

According to another aspect, the present invention pro-
vides a non-transitory computer readable storage medium
storing a set of program instructions executed by a computer.
The program instructions includes: acquiring first image data
including a plurality of sets of pixel data, each pixel data set
being defined by a plurality of color components; converting,
for each pixel data set, the plurality of color components into
a set of converted pixel data, each converted pixel data set
being defined by a luminance component and a color differ-
ence component; determining whether or not each converted
pixel data set has a black character attribute, converted pixel
data that is determined to have the black character attribute
being a set of target pixel data; performing a filtering process
on a luminance component of each target pixel data set using
a filter coefficient to obtain a set of processed pixel data, the
processed pixel data set being defined by the luminance com-
ponent and the color difference component, the filter coeffi-
cient enhancing a difference in the luminance components
between the each target pixel data set and a set of neighboring
pixel data corresponding to the each target pixel data set; and
converting each processed pixel data set into a set of updated
pixel data, the updated pixel data set being defined by the
plurality of color components.

BRIEF DESCRIPTION OF THE DRAWINGS

The particular features and advantages of the invention as
well as other objects will become apparent from the following
description taken in connection with the accompanying draw-
ings, in which:

FIG. 1 is a block diagram showing an image processing
device according to a first embodiment of the present inven-
tion;

FIG. 2 is a diagram showing a configuration of an image
processing circuit of the image processing device according
to the first embodiment;

FIG. 3 is an explanatory diagram illustrating a reference
value of luminance components, and an achromatic range and
a chromatic range of color difference components;

FIG. 4 is an explanatory diagram showing an example of
filter coefficients according to the first embodiment;

FIG. 5 is an explanatory diagram showing a filtering pro-
cess executed by the image processing device according to
the first embodiment;

FIG. 6 is an explanatory diagram showing effects accord-
ing to the first embodiments;

FIG. 7 is a diagram showing a configuration of an image
processing circuit of an image processing device according to
a second embodiment of the present invention; and

FIG. 8 is an explanatory diagram showing an example of
filter coefficients according to another embodiment.

DETAILED DESCRIPTION
First Embodiment

A first embodiment will be described with reference to
FIGS.1to 6.

1. System Configuration

As illustrated in FIG. 1, an image processing device 10
according to the first embodiment mainly includes a CPU 30,
a ROM 32, a RAM 33, a device drive circuit 34, an image
reading section 35, a reading correction circuit 36, an image
processing circuit 40, and a USB interface 37. As denoted by
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a continuous line 31 in FIG. 1, a unit including the CPU 30,
ROM 32, and RAM 33 serves as a controller configured to
control circuits and sections in the image processing device
10.

The ROM 32 stores various programs for controlling
operation of the image processing device 10, and the CPU 30
is configured to control the sections of the image processing
device 10 according to a program read out from the ROM 32.

The device drive circuit 34 is connected to the image read-
ing section 35 and is configured to transmit, to the image
reading section 35, a signal for controlling reading operation
in response to a command from the CPU 30. The image
reading section 35 is configured to read a document based on
the signal from the device drive circuit 34 and configured to
output generated image data to the reading correction circuit
36.

The reading correction circuit 36 is connected to the image
reading section 35 and is configured to convert the image data
of'an analog signal output from the image reading section 35
into image data of a digital signal. Further, the reading cor-
rection circuit 36 is configured to apply various correction
processing, such as shading correction, to the image data of
the digital signal. The image data that has been subjected to
various correction processing is stored in the RAM 33 as
image data including a plurality of sets of pixel data each
having a plurality of color components: a red component (R),
a green component (G), and a blue component (B). In other
words, each set of pixel data is defined by the plurality of
color components, R, G, and B.

The USB interface 37 is connected to various storage
media 14, such as a PC 12 outside the image processing
device 10 and a USB memory. The RAM 33 temporarily
stores not only the image data corrected by the reading cor-
rection circuit 36 but also image data which is input thereto
from outside the image processing device 10 through the USB
interface 37.

The image processing circuit 40 is configured to apply
filtering processing, which is a kind of image processing, to
the image data stored in the RAM 33 to thereby generate
processed image data. The generated processed image data is
restored in the RAM 33.

2. Filtering Processing for Image Data

The following describes the filtering processing applied to
the image data stored in the RAM 33 using the image pro-
cessing circuit 40 with reference to FIGS. 2 to 6.

As illustrated in FIG. 2, the image processing circuit 40
includes an acquisition section 41, a YIQ conversion section
42, a determination section 43, a filtering section 44, an
inverse YIQ conversion section 45, and an output section 46.
The YIQ conversion section 42 is an example of a first con-
version section, and the inverse YIQ conversion section 45 is
an example of a second conversion section.

When image data is stored in the RAM 33, the CPU 30
inputs, to the acquisition section 41, information indicating
that the image data is stored in the RAM 33. The acquisition
section 41 receives an input of the information from the CPU
30 and starts acquiring the image data from the RAM 33.
Every time the acquisition section 41 acquires each set of
pixel data included in the image data, the acquisition section
41 outputs the acquired pixel data to the YIQ conversion
section 42.

The YIQ conversion section 42 has a YIQ conversion cal-
culation section 51 configured to convert each set of pixel data
inputted from the acquisition section 41 into a luminance
component (Y) and two color difference components (I, Q).
The pixel data set has a plurality of color components R, G,
and B. The YIQ conversion section 42 outputs, for each set of
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pixel data, the luminance component and color difference
components obtained as a result of the conversion made by
the YIQ conversion calculation section 51 to the determina-
tion section 43 as well as to the filtering section 44. Further,
the YIQ conversion section 42 outputs each set of pixel data
having the plurality of color components before conversion
made by the YIQ conversion calculation section 51 to the
filtering section 44.

The determination section 43 includes a color determina-
tion section 52, an edge determination section 53, and a black
character attribute determination section 54 and uses the
luminance component and color difference components
inputted from the YIQ conversion section 42 to determine
whether or not each pixel data has a black character attribute
to be described later.

The color determination section 52 determines, for each set
of pixel data, whether each color difference component falls
within an achromatic color range MH or within a chromatic
color range YH. As shown in FIG. 3, the color determination
section 52 stores first reference value IK1 and QK1 and
second reference values IK2 and QK2. The first reference
value IK1 and the second reference value IK2 are stored for
the I color component. The first reference value QK1 and the
second reference value QK2 are stored for the Q color com-
ponent. Based on the reference values IK and IQ, the achro-
matic color range MH and chromatic color range YH are set
for each color component. Specifically, in each color differ-
ence component, a range equal to or larger than the first
reference value IK1 (QK1) and equal to or smaller than the
second reference value IK2 (QK?2) is set as the achromatic
color range MH, and the remaining range is set as the chro-
matic color range YH.

The color determination section 52 compares a value of
each color difference component included in the pixel data
with its corresponding reference values IK or QK. When both
color difference components fall within the respective achro-
matic color range MH, the color determination section deter-
mines that the color difference components of the pixel data
falls within the achromatic color range MH. When at least one
color difference component is included in the chromatic color
range YH, it is determined that the color difference compo-
nent of the pixel data is in the chromatic color range YH.

Further, the color determination section 52 determines, for
each set of pixel data, whether or not the luminance compo-
nent has a value smaller than or equal to a reference value YK
stored in the color determination section 52. A larger value of
the luminance component represents a brighter color, and a
smaller value thereof represents a darker color. The color
determination section 52 compares the value of the luminance
component of the pixel data with the reference value YK to
determine whether or not the value is smaller than or equal to
the reference value YK, that is, whether the color of the pixel
data is darker than a color represented by the reference value
YK.

Then, when the color difference component of the pixel
data falls within the achromatic color range MH and the
luminance component of the pixel data is smaller than or
equal to the reference value YK, the color determination
section 52 determines that color information of the pixel data
indicates black. On the other hand, when the color difference
component of the pixel data falls within the chromatic color
range YH or when the value of the luminance component of
the pixel data is larger than the reference value YK, the color
determination section 52 determines that color information of
the pixel data does not indicate black. The color determina-
tion section 52 determines, for each set of pixel data, whether
or not the color information indicates black and outputs a
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result of the determination to the black character attribute
determination section 54. The pixel data determined to indi-
cate black serves as an example of second pixel data.

The edge determination section 53 performs edge pixel
detection processing for each pixel data to determine whether
ornot each set of pixel data is edge pixel data. As an edge pixel
detection method, various known edge detection methods can
be used. In the first embodiment, the edge determination
section 53 stores a filter coefficient and a prescribed value of
a difference filter. The edge determination section 53 uses the
filter coefficient to perform calculation for the luminance
component of target pixel data and luminance component of
neighboring pixel data around the target pixel. And then, the
edge determination section 53 calculates a calculation result
representing a difference between the luminance components
of the target pixel data and neighboring pixel data.

The larger the value of the calculation result is, the larger
the difference between the luminance components of the
target pixel data and neighboring pixel data becomes. The
smaller the value of the calculation result is, the smaller the
difference between the luminance components of the target
pixel data and neighboring pixel data becomes. The edge
determination section 53 compares the calculated result with
the prescribed value. When the calculation result is equal to or
larger than the prescribed value, the edge determination sec-
tion 53 determines that the target pixel data is the edge pixel
data. On the other hand, when the calculation result is smaller
than the prescribed value, the edge determination section 53
determines that the target pixel data is not the edge pixel data.
The edge pixel data serves as an example of first pixel data
and means pixel data whose calculation result is greater than
the prescribed value. The edge determination section 53 out-
puts the determination result to the black character attribute
determination section 54 and a filter coefficient storage sec-
tion 56 of the filtering section 44.

The neighboring pixel data refers to pixel data correspond-
ing to a neighboring pixel positioned around a target pixel
corresponding to the target pixel data of the image data when
an image is displayed on a display section such as a liquid
crystal display on the basis of the image data. A plurality of
display elements are arranged in one or two dimensional
manner on the display section. Each set of pixel data is input
to the each display element of the display section (not shown)
when the image is displayed on the display section. The
neighboring pixel data refers to pixel data to be input to a
neighboring display element around a display element to
which a target pixel data is input. More in detail, each set of
pixel data included in the image data includes, in addition to
the information representing the plurality of color compo-
nents, information representing positional relationships
between pixel data. Each section included in the image pro-
cessing circuit 40 can determine whether or not pixel data is
neighboring pixel data of the target pixel data on the basis of
the positional information.

The black character attribute determination section 54 uses
the determination results inputted from the color determina-
tion section 52 and edge determination section 53 to deter-
mine whether or not each set of pixel data has the black
character attribute. The pixel data (YIQ pixel data) that is
determined to have the black character attribute serves an
example of target pixel data. The black character attribute
determination section 54 determines, as pixel data having the
black character attribute, pixel data that has been determined
by the color determination section 52 to have the color infor-
mation representing black and that has been determined by
the edge determination section 53 to be the edge pixel. That s,
the pixel data having the black character attribute refers to
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pixel data corresponding to edge pixel (detected pixel) having
the color information representing black. On the other hand,
black character attribute determination section 54 deter-
mines, pixel data failing to have the black character attribute,
pixel data that has been determined by the color determina-
tion section 52 not to have the color information representing
black or that has been determined by the edge determination
section 53 not to be the edge pixel. The black character
attribute determination section 54 outputs a result of the
determination to a selector 55 of the filtering section 44, filter
coefficient storage section 56, and a selector 59 of the inverse
YIQ conversion section 45.

The filtering section 44 includes a selector 55, a filter
coefficient storage section 56, and a filtering calculation sec-
tion 57 and selects, for each set of pixel data, a combination of
the luminance and color difference components or pixel data
having a plurality of color components (RGB) inputted from
the YIQ conversion section 42 and performs filtering process-
ing for the selected one. The filter coefficient storage section
56 is an example of a storage section.

The selector 55 selects, for each set of pixel data, one of: a
combination of the luminance and color difference compo-
nents; and the pixel data set having the plurality of color
components inputted from the YIQ conversion section 42, on
the basis of the determination result inputted from the black
character attribute determination section 54. Specifically, the
selector 55 selects the combination of the luminance and
color difference components (Y1Q) for the pixel data that has
been determined by the black character attribute determina-
tion section 54 to have the black character attribute. On the
other hand, the selector 55 selects pixel data having a plurality
of color components (RGB) for the pixel data that has been
determined by the black character attribute determination
section 54 not to have the black character attribute. The selec-
tor 55 outputs the selected components or data to the filtering
calculation section 57.

The filter coefficient storage section 56 stores a plurality of
filter coefficients F including first to fourth of filter coeffi-
cients F1 to F4 illustrated in FIG. 4. Each filter coefficient F is
a 5x5 (five rows and five columns) matrix and has 25 values
set therein. The filter coefficients F are each configured such
that the value increases from a peripheral row or column (first
or fifth row, or first or fifth column) toward a center (element
in the third row and third column).

In the first embodiment, the first filter coefficient F1 and
third filter coefficient F3 have the same values and include
negative values as their peripheral elements. On the other
hand, the second filter coefficient F2 and fourth filter coeffi-
cient F4 include a zero value as their peripheral elements, not
the negative values. The negative value is an example of an
enhancement coefficient.

The filter coefficient storage section 56 selects, for each
color component of each set of pixel data, the filter coefficient
F (one of the first to fourth filter coefficient F1 to F4) on the
basis of the determination results inputted from the edge
determination section 53 and black character attribute deter-
mination section 54. Specifically, the filter coefficient storage
section 56 selects the first filter coefficient F1 for the lumi-
nance component of the pixel data that has been determined
by the black character attribute determination section 54 to
have the black character attribute, while selects the second
filter coefficient F2 for the color difference components of the
pixel data that has been determined to have the black charac-
ter attribute. Further, the filter coefficient storage section 56
selects the third filter coefficient F3 for each color component
of' the pixel data that has been determined by black character
attribute determination section 54 not to have the black char-
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acter attribute and that has been determined by the edge
determination section 53 to be the edge pixel data. Further, the
filter coefficient storage section 56 selects the fourth filter
coefficient F4 for each color component of the pixel data that
has been determined by black character attribute determina-
tion section 54 not to have the black character attribute and
that has been determined by the edge determination section
53 not to be the edge pixel data. The filter coefficient storage
section 56 outputs the selected filter coefficient F to the fil-
tering calculation section 57.

The filtering calculation section 57 performs filtering pro-
cessing on the component or data inputted from the selector
55 using the filter coefficient selected by the filter coefficient
storage section 56. As illustrated in FIG. 5, in the filtering
processing, the filtering calculation section 57 waits for input
of' 5x5 data group G including target pixel data set at a center
thereof and its neighboring pixel data sets. Upon input of the
data group G, the filtering calculation section 57 calculates a
matrix product of the selected filter coefficient F and data
group G as represented by expression 1 of FIG. 5. The filter-
ing calculation section 57 divides the calculated matrix prod-
uct by a sum of the values included in the selected filter
coefficient F to calculate processed components or data.

With respect to the pixel data that has been determined by
the black character attribute determination section 54 to have
the black character attribute, the filtering calculation section
57 performs the filtering processing for the luminance com-
ponent inputted from the selector 55 using the first filter
coefficient F1 inputted from the filter coefficient storage sec-
tion 56 and performs the filtering processing for the color
difference components inputted from the selector 55 using
the second filter coefficient F2 inputted from the filter coef-
ficient storage section 56.

The filter coefficient F1 includes the negative values as
their peripheral elements. When the matrix product of the first
filter coefficient F1 and data group G is calculated for the
target pixel data, a result of the calculation is positive. On the
other hand, the calculation results obtained using the neigh-
boring pixel data sets are negative values. As a result, in the
calculated matrix product, a difference between the lumi-
nance components of the target pixel data and the neighboring
pixel data is enhanced, and the enhanced result is reflected on
the processed luminance component. That is, the first filter
coefficient F1 can be considered to be a filter coefficient F that
enhance a difference between the target pixel data and its
neighboring pixel data.

On the other hand, the second filter coefficient F2 includes
a zero value as their peripheral elements, not the negative
values, so that, when the matrix product of the second filter
coefficient F2 and data group G is calculated for the neigh-
boring pixel data, results of the calculation is zero. Thus, in
the calculated matrix product, the difference between the
target pixel data and its neighboring pixel data is not enhanced
as compared to a case where the first filter coefficient F1 is
used. That is, the second filter coefficient F2 can be consid-
ered to be a filter coefficient F that do not enhance the differ-
ence between the target pixel data and its neighboring pixel
data. In other words, the first filter coefficient F2 excludes any
enhancement coefficient values whose degrees of enhance-
ments are greater than or equal to a degree of enhancement of
the enhancement coefficient (negative value in the embodi-
ment) of the first filter coefficient F1.

Further, the filtering calculation section 57 performs, using
the third filter coefficient F3 inputted from the filter coeffi-
cient storage section 56, the filtering processing for each color
component of the pixel data that has been determined by the
black character attribute determination section 54 not to have
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the black character attribute and that has been determined by
the edge determination section 53 to be the edge pixel data.
Like the first filter coefficient F 1, the third filter coefficient F3
includes the negative values as their peripheral elements, so
that in a result of the calculation for the target pixel, a differ-
ence between each color component of the target pixel data
and that of the neighboring pixel data is enhanced. The cal-
culation results using the first filter coefficient F1-F4 serves as
an example of processed pixel data.

Further, the filtering calculation section 57 performs, using
the fourth filter coefficient F4 inputted from the filter coeffi-
cient storage section 56, the filtering processing for each color
component of the pixel data that has been determined by the
black character attribute determination section 54 not to have
the black character attribute and that has been determined by
the edge determination section 53 not to be the edge pixel
data. Like the second filter coefficient F2, the fourth filter
coefficient F4 include a zero value as their peripheral ele-
ments, not the negative values, so that, in a result of the
calculation for the target pixel, a difference between each
color component of the target pixel data and that of the neigh-
boring pixel data is not enhanced. In other words, the first
filter coefficient F4 excludes any enhancement coefficient
values whose degrees of enhancements are greater than or
equal to a degree of enhancement of the enhancement coet-
ficient (negative value in the embodiment) of the third filter
coefficient F3. The filtering calculation section 57 outputs the
processed components or processed data of each set of pixel
data to the inverse YIQ conversion section 45.

The inverse YIQ conversion section 45 includes an inverse
YIQ conversion calculation section 58 and a selector 59.
When receiving as an input the processed luminance compo-
nent and color difference components from the filtering sec-
tion 44, the inverse YIQ conversion calculation section 58
converts, for each set of pixel data (YIQ pixel data in the first
embodiment), the processed luminance component and color
difference components into a plurality of color components
(RGB pixel data in the first embodiment). This RGB pixel
data serves as an example of the update d pixel data. The
inverse YIQ conversion calculation section 58 outputs a plu-
rality of the processed color components after the conversion
made by itself to the selector 59. On the other hand, when a
plurality of the processed color components are inputted from
the filtering section 44, the plurality of the processed color
components are directly input to the selector 59.

The selector 59 selects, for each set of pixel data, the
plurality of processed color components after the conversion
made by the inverse YIQ conversion calculation section 58 or
a plurality of processed color components after the filtering
processing made by the filtering section 44 based on the
determination result inputted from the black character
attribute determination section 54. Specifically, the selector
59 selects the plurality of processed color components after
the conversion made by the inverse YIQ conversion calcula-
tion section 58 for the pixel data that has been determined by
the black character attribute determination section 54 to have
the black character attribute. The selector 59 selects the plu-
rality of processed color components after the filtering pro-
cessing made by the filtering section 44 for the pixel data that
has been determined not have the black character attribute.
The selector 55 outputs the selected plurality of processed
color components to the output section 46.

The output section 46 outputs, every time the output sec-
tion 46 acquires each set of pixel data having the plurality of
processed color components from the inverse YIQ conversion
section 45, the acquired pixel data to the RAM 33. Thus, in the
RAM 13, processed image data composed of the plurality of
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sets of pixel data each having the plurality of processed color
components is stored. The processed image data serves as an
example of second image data.

3. Effects of First Embodiment

(1) In the image processing device 10 according to the first
embodiment, it is determined whether or not each set of pixel
data of the image data has the black character attribute before
the filtering processing to be performed for the image data
using the image processing circuit 40. For example, in a case
of image data in which a black character “A” is written on a
white base part as illustrated at a topmost stage of FIG. 6, an
outline of the black character is determined to have the black
character attribute as illustrated at a middle stage of FIG. 6.

The pixel data (target pixel data) that has been determined
to have the black character attribute can be regarded as the
pixel data corresponding to the edge pixel, so that filtering
processing that enhances the difference between the lumi-
nance components of the target pixel data and its neighboring
pixel data is performed for the target pixel data. In the con-
ventional technology, the filtering processing is performed
for the pixel data that has been determined to have the black
character attribute without distinction between the luminance
component and color difference components. In such a case,
notonly the difference between the luminance components of
the target pixel data and its neighboring pixel data, but also a
difference between the color difference components of the
target pixel data and its neighboring pixel data is enhanced.
This disadvantageously remarkably enhances a specific color
component included in the plurality of color components of
the pixel data, as illustrated at a left side of a lowermost stage
of FIG. 6. As a result, when processed image data is displayed
on the display section (not shown), a color component that is
not visible on the image data disadvantageously appear at a
region R which is a part of the outline of the black character,
as illustrated in an exaggerated manner at the left side of the
lowermost stage of FIG. 6. That is, so-called color blurring
occurs.

In the image processor 10 according to the first embodi-
ment, when the target pixel data has been determined to have
the black character attribute, the filter processing is per-
formed for the luminance component obtained by converting
the pixel data, using the filter coefficient F that enhance the
difference between the target pixel data and its neighboring
pixel data. This allows the difference between the luminance
components of the edge pixel data and its neighboring pixel
data to be enhanced.

On the other hand, the filtering processing is performed for
the color difference components obtained by converting the
pixel data (target pixel data) that has been determined to have
the black character attribute, using the filter coefficient F that
do not enhance the difference between the target pixel data
and its neighboring pixel data. This prevents the difference
between the target pixel data and its neighboring pixel data
from being enhanced in all the plurality of color components
of the pixel data that has been determined to have the black
character attribute. As a result, it is possible to prevent a
specific color component from being remarkably enhanced at
the outline of the black character, thereby preventing occur-
rence of the color blurring as illustrated at a right of the third
stage of FIG. 6.

(2) In the image processing device 10 according to the first
embodiment, the above-described processing: the filtering
processing for the luminance component and color difference
components obtained by converting the pixel data; and
changeover of the filter coefficient to be used in the filtering
processing for the luminance component and color difference
components are performed with respect only to the pixel data
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that has been determined to have the black character attribute,
while the filtering processing for each color component of the
pixel data is performed with respect to the pixel data that has
been determined not to have the black character attribute.
Thus, the filtering processing can be performed based on
attribute of each set of pixel data included in the image data,
whereby it is possible to eliminate wasteful operation involv-
ing the filtering processing as compared to the conventional
technology in which all the pixel data included in the image
data are subjected to the filtering processing and then the pixel
data that has been determined to have the black character
attribute is subjected to additional processing.

(3) In the image processing device 10 according to the first
embodiment, whether or not the pixel data has the black
character attribute is determined using the reference values
YK, IK, and QK previously stored in the image processing
circuit 40. Thus, as illustrated at the middle stage of FIG. 6, it
is possible to determine, as the pixel data having the black
character attribute, not only the black character, but also the
outline of a solid pattern satisfying specific conditions
defined by the reference values YK, 1K, and QK.

(4) In the image processing device 10 according to the first
embodiment, when the target pixel data has been determined
not to have the black character attribute, it is then determined
whether the target pixel that has been determined not to have
the black character attribute is the edge pixel data. Then, when
the target pixel data is determined to be the edge pixel data
and not to have the black character attribute, the filtering
processing is performed for each color component of the
target pixel data using the third filter coefficient F3 that
enhance the difference between the target pixel data and its
neighboring pixel data. This can enhance the difference
between the each color component of the pixel data and that
of'its neighboring pixel data with respect also to the edge pixel
data which has not been determined to have the black char-
acter attribute.

Further, in the image processing device 10 according to the
first embodiment, when the target pixel data has been deter-
mined not to have the black character attribute and has been
determined not to be the edge pixel data, the filtering process-
ing is performed for each color component of the target pixel
data using the fourth filter coefficient F4 that do not enhance
the difference between the target pixel data and its neighbor-
ing pixel data. This does not enhance, but can smooth the
difference between the each color component of the pixel data
and that of its neighboring pixel data with respect to the pixel
data that has been determined not to be the edge pixel data.

Second Embodiment

The following describes a second embodiment with refer-
ence to FIG. 7. In the second embodiment, the filtering sec-
tion 44 of an image processing circuit 140 performs the fil-
tering processing both for the combination of the luminance
component and color difference components of each set of
pixel data and pixel data set having the plurality of color
components which are inputted from the YIQ conversion
section 42. The second embodiment differs in this point from
the first embodiment in which the filtering processing is per-
formed for the combination of the luminance component and
color difference components of each set of pixel data or pixel
data set having the plurality of color components. Hereinaf-
ter, descriptions of the same contents as those of the first
embodiment are omitted for avoiding redundant.

1. Filtering Processing for Image Data

As illustrated in FIG. 7, the image processing circuit 140
according to the second embodiment differs from the image
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processing circuit 40 according to the first embodiment illus-
trated in FIG. 2 in the processing performed by the determi-
nation section 43 and filtering section 44.

In the determination section 43, the edge determination
section 53 determines whether or not each set of pixel data is
the edge pixel data and outputs a result of the determination to
the black character attribute determination section 54 and
selector 55 of the filtering section 44, but does not output the
determination result to the filter coefficient storage section 56
of'the filtering section 44. The black character attribute deter-
mination section 54 determines whether or not each set of
pixel data has the black character attribute and outputs aresult
of the determination to the selector 55 of the filtering section
44 and selector 59 of the inverse YIQ conversion section 45,
but does not output the determination result to the filter coef-
ficient storage section 56 of the filtering section 44.

In the filtering section 44, the filter coefficient storage
section 56 outputs the first to fourth filter coefficients F1 to F4
to the filtering calculation section 57 every time the compo-
nents and data of each set of pixel data are inputted from the
YIQ conversion section 42 to the filtering calculation section
57.

The filtering calculation section 57 performs the filtering
processing for both the components and data of each set of
pixel data using the filter coefficient F inputted from the filter
coefficient storage section 56. That is, the filtering calculation
section 57 performs the filtering processing on the compo-
nents and data of each set of pixel data irrespective of the
determination result from the determination section 43. Spe-
cifically, the filtering calculation section 57 performs the fil-
tering processing on the luminance component of each set of
pixel data inputted from the YIQ conversion section 42 using
the first filter coefficient F1 inputted from the filter coefficient
storage section 56 and performs the filter processing on the
color difference components inputted from the YIQ conver-
sion section 42 using the second filter coefficient F2 inputted
from the filter coefficient storage section 56.

Further, the filtering calculation section 57 performs the
filtering processing on the color components of each set of
pixel data inputted from the YIQ conversion section 42 using
the third filter coefficient F3 inputted from the filter coeffi-
cient storage section 56. Further, the filtering calculation sec-
tion 57 performs the filtering processing on the color compo-
nents of each pixel data inputted from the YIQ conversion
section 42 using the fourth filter coefficient F4 inputted from
the filter coefficient storage section 56. The filtering calcula-
tion section 57 outputs the processed components and pro-
cessed data of each pixel data to the selector 55.

The selector 55 selects, for each set of pixel data, the
combination of the processed luminance and processed color
difference components or pixel data having the plurality of
processed color components inputted from the filtering cal-
culation section 57 on the basis of the determination results
inputted from the black character attribute determination sec-
tion 54 and edge determination section 53. In order for the
selector 55 to perform the above selection, the filtering cal-
culation section 57 performs the filtering processing in
advance of input of the determination results from the deter-
mination section 43 and outputs a result of the filtering pro-
cessing, i.e., processed components and processed data to the
selector 55.

Specifically, the selector 55 selects the processed lumi-
nance component and processed color difference components
for the pixel data that has been determined by the black
character attribute determination section 54 to have the black
character attribute. Further, the selector 55 selects the pixel
data having the plurality of processed color components
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obtained as a result of the filtering processing using the third
filter coefficient F3 for the pixel data that has been determined
by the black character attribute determination section 54 not
to have the black character attribute and that has been deter-
mined by the edge determination section 53 to be the edge
pixel data. Further, the selector 55 selects the pixel data hav-
ing the plurality of processed color components obtained as a
result of the filtering processing using the fourth filter coef-
ficient F4 for the pixel data that has been determined by the
black character attribute determination section 54 not to have
the black character attribute and that has been determined by
the edge determination section 53 not to be the edge pixel
data. The selector 55 outputs, for each pixel data, the selected
processed components or processed data to the inverse YIQ
conversion calculation section 58.

As aresult, in the pixel data that has been determined by the
black character attribute determination section 54 to have the
black character attribute, the processed luminance compo-
nent and processed color difference components are con-
verted into the plurality of color components by the inverse
YIQ conversion calculation section 58, and the obtained plu-
rality of processed color components are output to the RAM
33 through the selector 59 and output section 46.

Further, in the pixel data that has been determined by the
black character attribute determination section 54 not to have
the black character attribute and that has been determined by
the edge determination section 53 to be the edge pixel data,
the plurality of processed color components obtained as a
result of the filtering processing that the filtering calculation
section 57 performs using the third filter coefficient F3 are
output to the RAM 33 through the selector 59 and output
section 46.

Further, in the pixel data that has been determined by the
black character attribute determination section 54 not to have
the black character attribute and that has been determined by
the edge determination section 53 not to be the edge pixel
data, the plurality of processed color components obtained as
aresult of the filtering processing that the filtering calculation
section 57 performs using the fourth filter coefficient F4 are
output to the RAM 33 through the selector 59 and output
section 46. The RAM 33 stores processed image data com-
posed of plurality of pixel data having the plurality of pro-
cessed color components.

2. Effects of Second Embodiment

(1) In the image processor 10 according to the second
embodiment, when the image processing circuit 40 is used to
perform the filtering processing on the image data, the filter-
ing section 44 performs the filtering processing in advance of
input of the determination results thereto from the determi-
nation section 43 and does not perform the filtering process-
ing after the input of the determination results. This makes it
possible to utilize a time until the determination results for
each set of pixel data are outputted from the determination
section 43 for execution of the filtering processing, thereby
reducing a time required to perform the filtering processing
for the image data.

(2) However, in the image processor 10 according to the
second embodiment, a plurality of kinds of the filtering pro-
cessing are performed for each image data, so that it can be
said that waste processing is generated. However, by utilizing
the time until the determination results for each set of pixel
data are outputted, which is not utilized in the conventional
approach, it is possible to reduce a time required to perform
the filtering processing for the image data even when the
waste processing is generated.

Other Embodiments

The present invention is not limited to the embodiments
described in the detailed descriptions and drawings, and the
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following various embodiments are included in the technical
scope of the present invention.

(1) In the first and second embodiments, the image proces-
sor 10 having a scanner function is exemplified. However, the
present invention is not limited to this. For example, the
image processor 10 may be a device provided with at least one
of a printer function, a scanner function, a copy function, and
a facsimile function.

(2) Alternatively, it is possible to use, as the image proces-
sor 10, a device that does not have the above functions at all.
For example, the image processor 10 may be a device spe-
cialized to perform image processing that applies filtering
processing to image data which is externally input through the
USB interface 37.

(3) In the first and second embodiments, the pixel data
having the plurality of color components are converted into
the color difference components of I component and Q com-
ponent. However, the present invention is not limited to this.
It is possible to use any color difference components, such as
Cb and Cr components or Pb and Pr components, that are
converted separately from the luminance component.

(4) In the first and second embodiment, with regard to the
filter coefficient F stored in the filter coefficient storage sec-
tion 56, the first and third filter coefficients F1 and F3 are
equal to each other, and first, second, and fourth filter coeffi-
cients F1, F2, and F4 are different from each other. However,
the present invention is not limited to this. For example, all the
first to fourth filter coefficients F1 to F4 may be different from
each other.

Further, as illustrated in FIG. 8, a configuration may be
possible, in which the first and third filter coefficients F1 and
F3 are equal to each other, and second and fourth filter coet-
ficients F2 and F4 are equal to each other. This configuration
can reduce the number of the filter coefficients F to be stored
in the filter coefficient storage section 56, thereby suppressing
a capacity required for the filter coefficient storage section 56.

(5) In the first and second embodiments, the second and
fourth filter coefficients F2 and F4 include no negative value.
However, the present invention is not limited to this, and the
second and fourth filter coefficients F2 and F4 each may
include a negative value.

In this case, if the sum of the values included in the first
filter coefficient F1 are equal to the sum of the values included
in the second filter coefficient F2, an absolute value of each
negative value included in the second filter coefficient F2 is
preferably set smaller than an absolute value of each negative
value included in the first filter coefficient F1. This allows the
second filter coefficient F2 to be a filter coefficients F that do
not enhance the difference between the target pixel data and
its neighboring pixel data as much as the first filter coefficient
F1, as in the first and second embodiments.

Similarly, if the sum ofthe values included in the third filter
coefficient F3 are equal to the sum of the values included in
the fourth filter coefficient F4, an absolute value of each
negative value included in the fourth filter coefficients F4 is
preferably set smaller than an absolute value of each negative
value included in the third filter coefficient F3. This allows the
fourth filter coefficient F4 to be a filter coefficients F that do
not enhance the difference between the target pixel data and
its neighboring pixel data as much as the third filter coefficient
F3, as in the above embodiments.

What is claimed is:

1. An image processing device comprising:

an acquisition section configured to acquire first image

data including a plurality of sets of pixel data, each pixel
data set being defined by a plurality of color compo-
nents;
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a first conversion section configured to convert, for each
pixel data set, the plurality of color components into a set
of converted pixel data, each converted pixel data set
being defined by a luminance component and a color
difference component;

a determination section configured to determine whether or
not each converted pixel data set has a black character
attribute, each converted pixel data set that is determined
to have the black character attribute being a set of target
pixel data;

a filtering section configured to perform a filtering process
on a luminance component of each target pixel data set
using a first group of filter coefficients and perform the
filtering process on the color difference component of
the each target pixel data set using a second group of
filter coefficients to obtain a set of processed pixel data,
the processed pixel data set being defined by the lumi-
nance component and the color difference component,
the first group of filter coefficients including an enhance-
ment coefficient enhancing a difference in the luminance
components between the each target pixel data set and a
set of neighboring pixel data corresponding to the each
target pixel data set, the second group of filter coeffi-
cients excluding any enhancement coefficients whose
degrees of enhancements are greater than or equal to a
degree of enhancement of the enhancement coefficient
included in the first group of filter coefficients; and

a second conversion section configured to convert each
processed pixel data set into a set of updated pixel data,
the updated pixel data set being defined by the plurality
of color components.

2. The image processing device according to claim 1, fur-

ther comprising:

a first-pixel determination section configured to determine
whether or not each converted pixel data set is first pixel
data, the first pixel data satisfying that a difference in the
luminance components between the each converted
pixel data set and a set of neighboring pixel data corre-
sponding to the each converted pixel data set is greater
than a predetermined value; and

a second-pixel determination section configured to deter-
mine whether or not each converted pixel data set is
second pixel data, the second pixel data representing
black and satisfying: that the color difference compo-
nent of the each converted pixel data set falls within an
achromatic color range; and that the luminance compo-
nent of the each converted pixel data set is smaller than
or equal to a reference value;

wherein the determination section is configured to deter-
mine that each converted pixel data set determined as
both the first pixel data and the second pixel data has the
black character attribute.

3. The image processing device according to claim 2, fur-
ther comprising a storage section storing the first group of
filter coefficients and the second group of filter coefficients.

4. The image processing device according to claim 1,
wherein the determination section is configured to determine
that each converted pixel data set that is determined not to be
the first pixel data or that is determined not to be the second
pixel data does not have the black character attribute;

wherein the filtering section is further configured to per-
form, using a third group of filter coefficients, the filter-
ing process on each of the plurality of color components
of a set of pixel data to obtain first filtered pixel data, the
set of pixel data being included in the first image and
corresponding to each converted pixel data set that is
determined not to have the black character attribute and
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that is determined as the first pixel data, the third group
of filter coefficient including an enhancement coeffi-
cient;

wherein the filtering section is further configured to per-

form, using a fourth group of filter coefficients, the fil-
tering process on the plurality of color components of a
set of pixel data to obtain second filtered pixel data, the
set of pixel data being included in the first image and
corresponding to each converted pixel data set that is
determined not to have the black character attribute and
that is not determined as the first pixel data, the fourth
group of filter coefficients excluding any enhancement
coefficients whose degrees of enhancements are greater
than or equal to a degree of enhancement of the enhance-
ment coefficient included in the third group of filter
coefficients.

5. The image processing device according to claim 4, fur-
ther comprising an output section configured to output second
image data, the second image data including a plurality of sets
of output pixel data corresponding to the plurality of sets of
pixel data of the first image data, respectively, the output
section being configured to output the second image datain a
manner that:

when the determination section determines that a set of

converted pixel data has the black character attribute, the
output section outputs, as a set of output pixel data, the
updated pixel data set corresponding to the set of con-
verted pixel data;

when the determination section determines that a set of

converted pixel data does not have the black character
attribute and is the first pixel data, the output section
outputs, as a set of output pixel data, the first filtered
pixel data corresponding to the set of converted pixel
data; and

when the determination section determines that a set of

converted pixel data does not have the black character
attribute and is not the first pixel data, the output section
outputs, as a set of output pixel data, the second filtered
pixel data corresponding to the set of converted pixel
data.

6. The image processing device according to claim 4,
wherein the first group of filter coefficients is the same as the
third group of filter coefficients;

wherein the second group of filter coefficients is the same

as the fourth group of filter coefficients.

7. The image processing device according to claim 5,
wherein the first group of filter coefficients is the same as the
third group of filter coefficients;

wherein the second group of filter coefficients is the same

as the fourth group of filter coefficients.

8. The image processing device according to claim 1,
wherein the first conversion section is configured to convert,
for each pixel data set, the plurality of color components into
a set of YIQ color data, the set of YIQ color data including: a
Y component representing luminance; and I and Q compo-
nents representing color differences.

9. A non-transitory computer readable storage medium
storing a set of program instructions executed by a computer,
the program instructions comprising:

acquiring first image data including a plurality of sets of

pixel data, each pixel data set being defined by a plurality
of color components;

converting, for each pixel data set, the plurality of color

components into a set of converted pixel data, each con-
verted pixel data set being defined by a luminance com-
ponent and a color difference component;
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determining whether or not each converted pixel data set
has a black character attribute, each converted pixel data
set that is determined to have the black character
attribute being a set of target pixel data;
performing a filtering process on a luminance component
of each target pixel data set using a first group of filter
coefficients and performing the filtering process on the
color difference component of the each target pixel data
set using a second group of filter coefficients to obtain a
set of processed pixel data, the processed pixel data set
being defined by the luminance component and the color
difference component, the first group of filter coeffi-
cients including an enhancement coefficient enhancing a
difference in the luminance components between the
each target pixel data set and a set of neighboring pixel
data corresponding to the each target pixel data set, the
second group of filter coefficients excluding any
enhancement coefficients whose degrees of enhance-
ments are greater than or equal to a degree of enhance-
ment of the enhancement coefficient included in the first
group of filter coefficients; and
converting each processed pixel data set into a set of
updated pixel data, the updated pixel data set being
defined by the plurality of color components.
10. An image processing device comprising:
an image processing circuit configured to:
acquire first image data including a plurality of sets of
pixel data, each pixel data set being defined by a
plurality of color components;
convert, for each pixel data set, the plurality of color
components into a set of converted pixel data, each
converted pixel data set being defined by a luminance
component and a color difference component;
determine whether or not each converted pixel data set
has a black character attribute, each converted pixel
data set that is determined to have the black character
attribute being a set of target pixel data;
perform a filtering process on a luminance component of
each target pixel data set using a first group of filter
coefficients and perform the filtering process on the
color difference component of the each target pixel
data set using a second group of filter coefficients to
obtain a set of processed pixel data, the processed
pixel data set being defined by the luminance compo-
nent and the color difference component, the first
group of filter coefficients including an enhancement
coefficient enhancing a difference in the luminance
components between the each target pixel data set and
a set of neighboring pixel data corresponding to the
each target pixel data set, the second group of filter
coefficients excluding any enhancement coefficients
whose degrees of enhancements are greater than or
equal to a degree of enhancement of the enhancement
coefficient included in the first group of filter coeffi-
cients; and
convert each processed pixel data set into a set of
updated pixel data, the updated pixel data set being
defined by the plurality of color components.
11. The image processing device according to claim 10,
wherein the image processing circuit is further configured to:
determine whether or not each converted pixel data set is
first pixel data, the first pixel data satisfying that a dif-
ference in the luminance components between the each
converted pixel data set and a set of neighboring pixel
data corresponding to the each converted pixel data set is
greater than a predetermined value; and
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determine whether or not each converted pixel data set is
second pixel data, the second pixel data representing
black and satisfying: that the color difference compo-
nent of the each converted pixel data set falls within an
achromatic color range; and that the luminance compo-
nent of the each converted pixel data set is smaller than
or equal to a reference value;

wherein each converted pixel data set determined as both

the first pixel data and the second pixel data is deter-
mined to have the black character attribute.

12. The image processing device according to claim 10,
further comprising a storage device storing the first group of
filter coefficients and the second group of filter coefficients.

13. The image processing device according to claim 12,
wherein the image processing circuit is configured to deter-
mine that each converted pixel data set that is determined not
to be the first pixel data or that is determined not to be the
second pixel data does not have the black character attribute;

wherein the image processing circuit is further configured

to perform, using a third group of filter coefficients, the
filtering process on each of the plurality of color com-
ponents of a set of pixel data to obtain first filtered pixel
data, the set of pixel data being included in the first
image and corresponding to each converted pixel data
set that is determined not to have the black character
attribute and that is determined as the first pixel data, the
third group of filter coefficient including an enhance-
ment coefficient;

wherein the image processing circuit is further configured

to perform, using a fourth group of filter coefficients, the
filtering process on the plurality of color components of
a set of pixel data to obtain second filtered pixel data, the
set of pixel data being included in the first image and
corresponding to each converted pixel data set that is
determined not to have the black character attribute and
that is not determined as the first pixel data, the fourth
group of filter coefficients excluding any enhancement
coefficients whose degrees of enhancements are greater
than or equal to a degree of enhancement of the enhance-
ment coefficient included in the third group of filter
coefficients.
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14. The image processing device according to claim 13,
wherein the image processing circuit is further configured to
output second image data, the second image data including a
plurality of sets of output pixel data corresponding to the
plurality of sets of pixel data of the first image data, respec-
tively, the image processing circuit being configured to output
the second image data in a manner that:

when a set of converted pixel data is determined to have the
black character attribute, the image processing circuit
outputs, as a set of output pixel data, the updated pixel
data set corresponding to the set of converted pixel data;

when a set of converted pixel data is determined notto have
the black character attribute and determined to be the
first pixel data, the image processing circuit outputs, as a
set of output pixel data, the first filtered pixel data cor-
responding to the set of converted pixel data; and

when a set of converted pixel data is determined notto have
the black character attribute and not to be the first pixel
data, the image processing circuit outputs, as a set of
output pixel data, the second filtered pixel data corre-
sponding to the set of converted pixel data.

15. The image processing device according to claim 14,
wherein the first group of filter coefficients is the same as the
third group of filter coefficients;

wherein the second group of filter coefficients is the same
as the fourth group of filter coefficients.

16. The image processing device according to claim 13,
wherein the first group of filter coefficients is the same as the
third group of filter coefficients;

wherein the second group of filter coefficients is the same
as the fourth group of filter coefficients.

17. The image processing device according to claim 10,
wherein the image processing circuit is configured to convert,
for each pixel data set, the plurality of color components into
a set of YIQ color data, the set of YIQ color data including: a
Y component representing luminance; and I and Q compo-
nents representing color differences.
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